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During the last twenty-five years, research on the sebaceous glands has made significant 
advances. Many of the new findings are related to electron microscopy, quantitative lipid 
composition studies, and the hormonal and nonhormonal control of sebaceous gland 
secretion. 
Before 1950, most of the research on the seba-
ceous gland focused on its microscopic anatomy 
and the mechanism of its secretion. Some exten-
sive but incomplete studies of sebaceous lipid 
composition had also been reported. Since 1957 
when the sebaceous glands were discussed at the 
Symposium on the Biology of Skin, we have seen 
an intensification of the investigative effort that 
was reflected in the proceedings of the two subse-
quent conferences devoted to this topic [1, 21. 
Currently, we can point to significant new ad-
vances in five areas: (1) the increasing use of 
electron microscopy of the sebaceous glands; (2) 
the extension and growing sophistication of quanti-
tative lipid composition studies; (3) a clearer 
definition of the mechanism of glandular secretion; 
(4) a greater emphasis on the study of hormonal 
control , particularly in man; and (5) an increasing 
awareness and description of the role of the seba-
ceous glands in the pathogenesis of acne. 
Despite these advances, however, the function of 
these glands in man eludes us; apparently they do 
not play a protective role in man as they do in 
many other animals. Like hair and the apocrine 
glands, sebaceous glands appear to have no dis-
cernible function in man; but all three share the 
property of being profoundly influenced by endo-
crine factors. 
The most significant of the developments related 
to the sebaceous gland over the last quarter of a 
century are traced in this review. 
ANATOMY 
By 1950, sebaceous gland research had suc-
ceeded in limning the gland's structure and secre-
tory mechanism. Light microscopic studies had 
revealed that the outermost cell layer of the 
sebaceous alveolus is germinative and that the 
next, more centrally disposed, layers of cells con-
tain lipid. The cells thus migrate centrally towards 
the lumen of the gland, engorge themselves with 
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lipid until they disrupt, and release their contents 
into the follicular canal via the sebaceous duct. 
The terms fatty degradation and fatty metamor-
phosis were used to describe the format~on of 
sebaceous lipids, because ostensibly these lipids 
were formed from the metabolic breakdown and 
reconstitution of carbon sources within the cell. 
Now, of course, we know that a source outside the 
cell is required for the "building blocks" of the 
lipids and that the former terms do not correctly 
describe sebaceous lipid synthesis. 
This understanding of sebaceous gland morphol-
ogy remains unchanged today, but electron micros-
copy has enabled us to describe in detail the 
changes in subcellular organization which occur 
during sebaceous differentiation. Early electron 
micrographs of sebaceous glands in mice and rats 
were published in 1957 by Rogers [3] and in 1958 by 
Palay [4], respectively_ Electron micrographs of 
human sebaceous glands were published in 1960 by 
Kurosumi, Kitamura, and Kano [5] and by 
Charles [6]. Ellis and Henrikson [7] classified the 
various stages of ultrastructural development in 
the human sebaceous glands and proposed that 
sebaceous lipid is formed in the smooth endoplas-
mic reticulum and packaged in the Golgi zone. 
Palay [4] had not observed Golgi zones. 
Bell's [8-10] comparative electron microscopic 
studies of the sebaceous glands in man and several 
other primate species confirmed the site of lipid 
synthesis . In the sebaceous glands of human sub-
jects of various ages and in glands from different 
body regions, the smooth reticulum and the Golgi 
zones appeared identical; this is consistent with 
the fact that the composition of sebaceous lipid is 
uniform, regardless of whether the glands are large 
or small or where they are found. On the other 
hand, in the endoplasmic reticulum of other pri-
mates, Bell observed marked species differences 
which probably reflected differences in sebum 
composition. The Golgi zones were identical in the 
sebaceous glands of all species studied. Although 
correlative lipid studies have not been done in the 
species studied by Bell, the structural differences 
observed by her may be related to differences in 
lipid composition. 
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CHEMISTRY OF SEBUM 
When our present knowledge of the composition 
of skin lipids is compared with that of 25 years ago, 
the achievements of the earlier chemists appear 
remarkable. Using the available techniques of 
saponification, distillation, and recrystallization, 
together with other standard chemical and physi-
cal procedures, they constructed a sturdy skeleton 
of data on the lipid composition of skin. Since 
then, considerable new information has been 
added and has been summarized by Downing and 
Strauss [11], Nikkari [12], and Nicolaides [13]. 
Sterols 
Chemical identifications were usually achieved 
by using crystallization procedures to isolate indi-
vidual compounds. It is not surprising, therefore, 
that the earliest components identified in skin 
lipids were the high-melting, crystalline sterols. 
Cholesterol and lanosterol had been detected in 
sheep sebum before 1900 but were not isolated in 
pure form from this source until 1930 [14]. Lanos-
terol and other 30-carbon sterols were found in the 
sebum of goats, llamas, and camels, but not in the 
sebum of cattle, rabbits, and man [15]. Since 1950, 
we have known that skin lipids contain a great 
many additional sterols, recognizable as interme-
diates in the biosynthesis of cholesterol; the path-
ways involved have been reviewed in detail by 
Kandutsch [16]. Using gas chromatographic tech-
niques, Nikkari has shown that several intermedi-
ates in the biosynthesis of cholesterol are found in 
human sebum [12]. 
An intriguing aspect of the occurrence of sterols 
in skin lipids is the marked species difference in 
the relative amounts of biosynthetic intermediates 
[12]. In all species examined, the pathway to 
cholesterol appears to be partially inhibited, but 
the point of inhibition varies among species so that 
different intermediates accumulate. When more 
animal seba are studied, a great many additional 
sterol intermediates will probably be identified as 
major constituents. In man, this inhibition of 
cholesterol synthesis causes a large amount of 
squalene to accumulate in the sebum, where it was 
first identified in 1949 by Sobell [17]. Extensive 
investigations since that time have led to the 
conclusion that human sebaceous glands produce 
squalene and little or no cholesterol, whereas the 
epidermis synthesizes cholesterol without accumu-
lating squalene [18-20]. Consequently, when 
sebum production is low enough not to mask the 
small amount of lipid produced by the epidermis, 
The squalene: cholesterol ratio can be used as a 
1 :1easure of sebaceous gland activity. The higher 
; he ratio, the more sebum contributes to the 
, mount of lipid recovered on the skin surface. 
:\liphatic Series 
Fatty acids and fatty alcohols occur in nature 
3.lmost invariably as complex mixtures of different 
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chain lengths, often with double bonds and/or 
chain-branching, both of which can vary in num-
ber or position in the hydrocarbon chains. Since 
such mixtures cannot be resolved by crystalliza-
tion, earlier chemists isolated and identified only 
the major constituents of relatively simple natural 
mixtures. In 1945, the development of a sophis-
ticated technique of vacuum distillation enabled 
Weitkamp [21] to analyze in detail the fatty acids 
of sheep sebum and to produce the first evidence of 
straight-chain acids of both odd and even carbon 
number and of branched-chain fatty acids. Then in 
1947, Weitkamp, Smiljanic, and Rothman [22] 
reported their analysis of fatty acids from human 
skin lipids, in which they found odd and even 
straight-chain compounds and a high proportion of 
unsaturated fatty acids with unusual double-
bond positions. 
Thus, by 1950, skin lipids were known to contain 
unusual fatty acids, the composition of which 
varied widely among different species. The vac-
uum distillation technique was used to demon-
strate that the fatty alcohols in the sebum of sheep 
[23,24] and man [25] consisted of the same un-
usual structures as their respective fatty acids. 
During the 1950s, the much more sophisticated 
technique of gas chromatography became availa-
ble, and from the time of its first application to 
skin lipids by James and Wheatley [26] in 1956, it 
has revealed numerous additional minor compo-
nents in the acids and alcohols of human and sheep 
sebum. Further refinements of ancillary tech-
niques enabled workers to identify additional com-
ponents in these well-studied seba, which are now 
known to contain many other fatty acids. Gas 
chromatography has also been used to analyze 
rat and mouse [27,28] sebum; strikingly different 
compositions have been found in each of the four 
species studied in detail. When additional species 
are studied, other unusual fatty acids and fatty 
alcohols will probably be found in their skin lipids. 
Lipid Classes in Sebum 
In 1950, the fatty acids and the aliphatic and 
alicyclic alcohols found in skin lipids were known 
to be present largely as esters. However, no ade-
quate methods were then available for separating 
the wax esters, sterol esters, and triglycerides 
believed to be present. In the following decade, the 
wider acceptance of adsorption chromatography 
provided a suitable method which was first applied 
to unhydrolyzed skin lipids by Nicolaides and 
Foster in 1956 [29 J. Adsorption chromatography 
is used to separate and quantitate the different 
types of esters, and subsequently gas chromatogra-
phy is used to analyze the individual components 
of each type of ester. Together, the two techniques 
have made possible a complete and detailed analy-
sis of the sebum of man, sheep, rat, and mouse 
[12]. A preliminary survey in 1965 of the skin lipids 
of 18 animal species by thin-layer chromatography 
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confirmed the hypothesis that the sebum composi-
tion of each species is peculiar to it [30]. With 
further refinements of thin-layer chromatography, 
the lipid class composition of sebum has been 
analyzed quantitatively in samples as small as 10 
/-Lg [31] and the technique has been applied to 
various problems relating to human sebum [11]. 
With the methods now available, a sebum sam-
ple from a previously unstudied species can be 
completely analyzed in a few months, including 
time required for structure determinations of new 
classes of compounds. In addition to chromato-
graphic procedures, this may require diagnostic 
chemical reactions and the use of infrared, proton 
magnetic resonance and mass spectrometry, all of 
which were used in a recent study of snake skin 
lipids [32]. Earlier, this type of report would have 
required the combined efforts of many groups 
working for several years. In the near future, 
greater use should be made of this technique for 
s~udying the skin lipids of additional animal spe-
CIes. 
PHYSIOLOGY 
Control of Sebum Secretion 
Both hormonal and nonhormonal factors are 
important in the control of the sebaceous glands. 
Since so much has been published on the hormonal 
effects, a special section is devoted to them. 
Twenty-five years ago, a feedback mechanism was 
generally accepted as the controlling force for 
sebaceous gland secretion. According to the sup-
porters of this theory, when lipid is removed from 
the skin surface the gland is stimulated to produce 
sebum until the surface film is reconstituted, at 
which time a feedback signal results in reduced 
secretion. This feedback theory was supported by 
two findings: (1) the amount of lipid that can be 
removed from the surface of a given area is 
relatively constant after a few hours' accumula-
tion; (2) on repeated defatting, more lipid is 
recovered than from a single collection over the 
same period. This prevailing theory went unchal-
lenged until 1958 when Kligman and Shelley [33] 
proposed that the sebaceous gland secretes contin-
uously. Among the arguments they advanced to 
support their theory, the two simplest and yet 
persuasive were their observations that much more 
sebum accumulates in a completely protected skin 
area than in an unprotected area and that sebum 
continues to be secreted under a film of heavy 
paraffin oil many times thicker than the lipid film 
normally present on the surface of the skin. Their 
argument was supported not only by other data 
but also by simple reasoning. How, for example, 
can the sebaceous gland, which secretes by a 
holocrine mechanism, respond to a stimulus so as 
to replace the lipid film in three hours and then 
return to an inactive state? One would have to 
assume that there is a mechanism for secretion of 
sebum, other than the pressure from the newly 
formed sebum, and there is no evidence for this. 
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Furthermore, since the follicular canal is not a 
rigid structure and contains a keratin framework 
in which the lipid film is discontinuous, it is 
difficult to conceive how surface pressure could be 
transmitted to the glands. Like many others before 
them, Kligman and Shelley [33] found that more 
lipid was found in a skin area subjected to repeated 
lipid collections than in an area subjected to only 
one collection during an equal time interval. They 
surmised that in the latter case the lipid does not 
remain in place but is somehow lost to the environ-
ment. To prove this, they showed that more lipid 
could be collected in an area protected with a 
cylinder attached to the skin than in an open 
unprotected area. 
The explanation that excess sebum runs off 
seems indisputable, yet it is not universally ac-
cepted. For instance, Eberhardt [34] has recently 
reported further evidence that more lipid is ob-
tained by repeated defatting. He suggests that it is 
surface tension, not hydrostatic pressure as earlier 
workers had proposed, that is responsible for 
feedback inhibition. The same criticism previously 
presented can also be applied to these data. 
This issue in all likelihood will continue to be 
contentious, but we suggest that those who are 
interested in the subject study carefully the con-
vincing report by Kligman and Shelley [33]. 
Measurements of Sebum Secretion 
A variety of methods for measuring the rate of 
sebum production in man have been used in the 
past, ranging from collecting sebum in impervious 
suits to measuring the amount of lipid recovered on 
a glass rod applied to the skin surface. Before the 
work of Kligman and Shelley [33], most measure-
ments were made of the casual sebum level (the 
amount of lipid present on the unprotected skin). 
However, these authors stressed that the collection 
site had to be protected between defatting and 
subsequent collection of accumulated lipid. As a 
direct result of this observation, the absorption 
method for measuring sebum production was de-
veloped in which the lipid is absorbed onto papers 
applied to the surface over a 3-hr period [35]. The 
lipid is later extracted from the papers by solvents 
and assayed gravimetrically. This method, which 
was originally proposed by Miescher and Schon-
berg [36] in 1944, has the disadvantage of requiring 
the subject to wear a headband for a 3-hr period. 
Another disadvantage is that if the papers become 
excessively moistened by sweat, lipid absorption is 
reduced. The method does have the advantage of 
being independent of any differences in the compo-
sition of sebum such as might occur if there is more 
or less hydrolysis of the triglycerides. Measure-
ments made with monolayer or nephelometric 
procedures, as well as in the newly developed 
infrared spectrometry method, are influenced by 
changes in composition. Many of the investigations 
during the past dozen years or so, both in our 
laboratories and those of others, on the relation 
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between the endocrine system and the sebaceous 
glands have used the absorption method for assess-
ing sebaceous gland activity . 
Variability in Surface Lipid Composition 
With new methods for measuring lipid by thin-
layer chromatography, as little as 10 f.Lg of lipid 
collected from a restricted area such as the fore-
head can be analyzed for class composition with 
relative ease within 3 to 4 hr [31] . As a result, many 
of the factors affecting the lipid film on the skin 
surface can now be determined. 
In analyzing the lipid samples from the skin 
surface, one must consider the fact that such lipid 
is derived from both sebaceous and epidermal cells 
and as a result is not "pure" sebum. How these 
dual sources affect the analysis is seen in studies on 
squalene and cholesterol, two of the constitutents 
of skin surface lipid . Since squalene is of sebaceous 
gland origin and cholesterol of epidermal origin, 
high levels of squalene and low levels of cholesterol 
would be expected in surface lipid that is predomi-
nantly sebaceous in origin and the reverse would be 
expected for a relatively high level of epidermal 
lipid. This was demonstrated by Boughton et al 
[19] who showed in children (who have small 
glands) that the cholesterol level is elevated and 
the squalene level is low in the surface lipid, 
whereas in adults the cholesterol and squalene 
levels are reversed. Of necessity, these workers 
used pooled samples, in which the cholesterol 
content in children averaged approximately 12%. 
When individual samples from children were ana-
lyzed by thin-layer chromatography, the choles-
terollevels were often as high as 25 %. The fact that 
the changes in composition towards an eventual 
adult level begin at approximately 8 years of age 
[37] may well explain the results of Boughton et al 
[19] in that they used pooled samples collected 
from subjects who, in some cases, were at an early 
stage of maturation. Thus, sebaceous augmenta-
tion had probably already taken place. 
The introduction of microanalytical techniques 
has made it possible to measure lipids from multi-
ple areas of individual subjects. By sampling areas 
that are either rich or poor in sebaceous lipids, one 
can calculate the theoretical composition of pure 
sebum: triglycerides, 57.7 %; wax esters , 26.0%; 
squalene, 12.0%; cholesterol esters, 3.0%; choles-
terol , 1.5 % [20] . These figures corroborate the 
analyses Kellum [38] obtained from the direct 
study of isolated sebaceous glands . His technique 
~) f separating and dissecting out the glands after 
~reatment with calcium chloride represented a 
significant advance in sebaceous gland research 
since it allowed for direct quantitative analysis of 
glandular lipids. In fact, it confirmed the long-
standing theory that free fatty acids do not occur in 
freshly synthesized sebum. Unfortunately, how-
ever, his procedure results in the loss of glandular 
viability and thus precludes the possibility of using 
glands isolated in this way for in vitro metabolic 
studies. 
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Severe caloric restriction leads to alterations in 
sebum composition which are, to date, unique [39]. 
The pattern is one of a decrease in the synthesis of 
all components, except squalene. This finding 
points up the possibility of selectively manipulat-
ing pathways of sebaceous lipid synthesis. 
Endocrine Control of the Sebaceous Gland 
Over the last 20 to 25 years, the largest body of 
knowledge gained from sebaceous gland research, 
whether in animals or in man, has come from 
studying the relation between the endocrine sys-
tem and the sebaceous gland. In 1941, Hamilton 
[40] reported increased skin oiliness and the occur-
rence of acne in castrated males treated with 
testosterone. Shortly thereafter, others observed 
that sebaceous glands are androgen-responsive 
tissues in some animals. Montagna and co-workers 
[41,42] were among the early workers who showed 
that the sebaceous glands of rabbits and hamsters 
are stimulated by androgens. The number of 
papers on the effects of hormones on the sebaceous 
glands that have been published since those early 
years is too extensive to be detailed here; the 
reader is referred to several reviews on the subject 
[43-45 ]. 
Early investigators had observed that sebaceous 
gland activity varies with age and sex. Later, the 
increase in sebaceous gland secretion at puberty 
was documented [46] as well as the fact that sebum 
production is generally higher in men than in 
women [45,46]. However, sebum production usu-
ally decreases in women after the menopause but 
remains essentially unchanged in men until 70 
years of age or more [45,47]. During the last dozen 
years, extensive studies on the effect of hormones 
on the sebaceous glands have given some insight 
into their endogenous control. Some of the data 
were obtained from animal studies, and are not 
always applicable to man despite certain similari-
ties in the responses of various species. Further-
more, specialized sebaceous glands such as the 
preputial gland of the rat, the ventral gland of the 
gerbil, and the costovertebral gland of the hamster 
may respond differently to hormonal treatment 
than the glands of the general body surface. Andro-
gen administration to castrated [48] and orchiecto-
mized [49] human males resulted in quantitative 
increases and decreases in sebum, respectively. 
Treatment of normal men with testosterone did 
not further increase sebaceous gland activity [50]. 
Haskin , Lasher, and Rothman [51] reported that 
progesterone stimulated the sebaceous gJand of 
the rat, but Ebling [52,53] could confirm this only 
with excessive dosages of progesterone. Ample 
evidence indicates that physiologic levels of pro-
gesterone do not stimulate human sebaceous 
glands [54]. 
Twenty-five years ago, much of the information 
on the androgenic stimulation of sebaceous glands 
was based on studies of testosterone, the body's 
biologic androgen. New data, however, on the 
effect of androgens in general indicate that in 
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animals and man "weaker" androgens, such as 
dehydroepiandrosterone and androstenedione, 
which derive from ovarian or adrenal secretions, 
can also effect a response in the sebaceous glands 
[55]. Of more importance are the more recent 
studies which have shown that, as in other andro-
gen-responsive tissues such as the prostate, the 
active androgen is probably not testosterone, but 
the 5-a reduced metabolite, dihydrotestosterone. 
The regulatory role of dihydrotestosterone was 
originally demonstrated in the rat prostate gland 
[56,57]. It has now been isolated as a product of 
testosterone metabolism in animal sebacous 
glands and has been shown to stimulate animal 
sebaceous tissue [58-64]. Thus, 5a-reductase is 
now regarded as one of the key enzymes in the 
metabolic control of the sebaceous glands, and its 
inhibitors have been shown to block the action of 
testosterone in the hamster sebaceous gland [65]. 
Takayasu and Adachi [66] and Adachi [67] have 
studied the receptor protein in the sebaceous 
glands of the costovertebral spot in Syrian golden 
hamsters and have supplied evidence that there , as 
in other tissues, testosterone is converted to dihy-
drotestosterone which is then bound to receptor 
proteins. The complex is then transferred to the 
nucleus where it stimulates new protein synthesis. 
The androgen receptors isolated by these workers 
are specific and display little binding with either 
estrogens or corticosteroids. They appear not only 
to bind the androgen in the cytoplasm of the 
sebaceous glands but to be responsible for the 
transfer of the hormone to the nucleus. Within the 
nucleus, the receptor protein-dihydrotestosterone 
complex remains as a metabolically active source 
for androgenic activity. 
The role played by binding proteins can be 
demonstrated by the way that the antiandrogen, 
cyproterone acetate, affects sebaceous gland me-
tabolism both in vitro and in vivo. Cyproterone 
acetate does not inhibit dihydrotestosterone for-
mation, but it binds competitively with the recep-
tor proteins and thereby inhibits the subsequent 
metabolic steps in the sebaceous cell [67 J. Thus, 
investigations into the mechanisms which govern 
the action of androgens in the sebaceous gland 
have progressed from such relatively crude steps as 
measuring the gross changes in the size of seba-
ceous glands in castrated or androgenized animals 
to molecular biochemical studies which examine 
specific proteins and hormonal intermediates. Re-
cent studies have shown electron microscopic 
changes which are related to excesses or deficien-
cies of androgen [68). These changes occur in the 
smooth endoplasmic reticulum, which is probably 
the site of androgen formation. 5a-Reductase and 
receptor proteins are important to the action of 
androgens because they are the sites of molecular 
action and can be assayed for androgen inhibition. 
Estrogens have also been extensively studied 
during the last 20 to 25 years . As long ago as 1954 
Rothman [18] wrote that "Nothing is known about 
the influence of estrogenic hormones on sebaceous 
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glands under physiological conditions. The admin-
istration of large nonphysiological doses, however, 
causes marked suppression of their growth." Estro-
gens have been extensively studied in man during 
the last 15 years, but Rothman's statement is still 
valid: unphysiologic doses of estrogens are almost 
invariably required for sebaceous gland suppres-
sion [45,50,69 J. In spite of the interest in thera-
peutic uses of estrogens, their mechanism of 
action in opposing sebaceous gland activity is 
uncertain. In man, the fact that estrogens do not 
exert a suppressive effect if adequate amounts of 
androgen are available to the peripheral tissue [50, 
70] suggests a mechanism of central rather than 
target organ inhibition. In rat sebaceous glands, 
however, Ebling [53] has demonstrated that andro-
gens and estrogens act at different points: andro-
gens stimulate mitosis, estrogens inhibit lipid 
synthesis. 
A controversial aspect of the endocrine control of 
sebaceous gland activity is the role of the pituitary 
gland. In both animals and man, sebaceous gland 
activity is decreased by an absent or hypofunction-
ing pituitary gland [43-45]. Investigation into 
which pituitary hormones other than gonadotropins 
and adrenocorticotropin affect sebaceous gland ac-
tivity began in earnest with the work of Lasher, 
Lorincz, and Rothman [71,72] in the early 1950s. 
They isolated a partially purified fraction from the 
anterior pituitary glands of the pig. This sub-
stance, which they called sebotropin, did not in 
itself stimulate the sebaceous gland in spayed, 
hypophysectomized rats, but it did restore the 
stimulating effect of progesterone in maintaining 
gland size under these circumstances. Ebling [43) 
and Shuster and Thody [44] have done extensive 
studies on the role of the pituitary gland. Accord-
ing to Ebling [43], "The role of the pituitary in 
sebaceous secretion is neither simple to analyze nor 
generally agreed upon. However, two facts are 
undisputed. First, untreated, hypophysec-
tomized-castrated rats produce less sebum than 
castrated ones . Second, when treated with any 
particular dose of testosterone, hypophysec-
tomized-castrated rats do not produce sebum at 
the same rate as castrated rats with intact pituitar-
ies." Various investigators, however, disagree as to 
how much gland responsiveness can be restored by 
testosterone in the absence of the pituitary gland 
[33,43,73-77]. Although we have no intention of 
trying to settle this argument, we do believe with 
Ebling [43] that it is extremely important to define 
exactly how each pituitary hormone acts, i.e., 
whether it acts directly on the sebaceous glands or 
indirectly through another hormone-secreting 
gland, and whether a direct effect is either inde-
pendent or permissive. Until recently, there was no 
evidence that any pituitary hormones had a direct 
independent effect on the sebaceous gland. As 
Lasher, Lorincz, and Rothman have reported [71, 
72], the effect of sebotropin was direct but permis-
sive, i.e., it facilitated the action of another hor-
mone which acted on the sebaceous gland. Prolac-
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tin and somatotropin probably have a similar 
action [43]. Several anterior pituitary hormones 
(gonadotropin, ACTH, and TSH) have an indirect 
effect through their respective target organs, the 
gonads, and the adrenal, and the thyroid [43,44, 
76,78-81]. Recently, however, Thody and Shuster 
[44,82] have reported that in hypophysectomized 
rats a-MSH directly and independently affects the 
sebaceous gland and restores sebum secretion to 
normal. This is the only instance where a pituitary 
hormone, other than those derived from the ante-
rior pituitary, influences sebaceous gland function. 
Ebling et al [83] have now demonstrated that 
a-MSH also acts in a direct synergistic fashion. 
These investigators have also found that somato-
tropin has both independent and permissive activ-
ity [84]. From these experiments it is obvious that 
the pituitary gland exerts a significant influence on 
the sebaceous gland. Although the experimental 
data have been collected in animals, the pituitary 
gland undoubtedly is important in controlling the 
function of sebaceous glands in man. However, 
until sufficient data are obtained from a significant 
number of individuals with isolated hormone defi-
ciencies, the comparative role of the individual 
pituitary hormones in man remains unanswered. 
EPILOGUE 
Kligman [85] may be correct in claiming that 
human sebum has no function in man because man 
is largely unfurred and has the additional biologic 
advantage of communicating verbally rather than 
chemically. At the 1973 Symposium on the Biology 
of Skin, Mykytowycz [86] summarized the ways in 
which specialized sebaceous glands secrete phero-
mones in various species, but we still do not know 
whether the unmodified glands that are associated 
with hairs all over the body surface playa com-
municative role. Physical protection of the hair by 
the oily secretion does not seem to be an adequate 
explanation for the unusual lipid structures that 
have been discovered in sebum, but the additional 
need to resist bacteria may explain such lipid 
structures. So far, the only evidence of bacterial 
attack on sebum is the hydrolysis of the triglycer-
ides in human sebaceous lipid. The seba of other 
animals show no evidence of bacterial degradation . 
Our knowledge of the sebaceous gland has now 
reached a point where we may soon be able to 
determine the relation between lipid composition 
and structure. Now that ultrastructural changes 
have been determined in various species , a detailed 
correlative study of skin lipids is in order. 
On the molecular level, we are now in a position 
to block more specific steps in the hormonal 
~)timulation of the gland, such as inhibition of 
5a-reductase activity or of receptor protein bind-
ing. The availability of quantitative methods of 
analyzing minute samples of lipid by thin-layer 
chromatography will enable us to study skin lipids 
in single individuals with various skin diseases. As 
in any branch of human biology, a deepening of our 
basic understanding of the structure and function 
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of the skin and its appendages will eventually lead 
to improved therapeutic capabilities. For example, 
our increased knowledge of the pilosebaceous ap-
paratus has led to a more scientific approach to the 
control of acne. Again, the ultrastructural altera-
tions in keratinization during early comedo forma-
tion, reported by Knutson [87] several years 
ago, refocused our attention on abnormal keratini-
zation as a significant factor in the development of 
acne. The role of the sebaceous glands in the 
induction of this phenomenon and their precise 
action in the inflammatory response await more 
definitive elucidation. 
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